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1. Background

Non-ideal blast is a phenomenon associated with the detonation of a nuclear weapon
over desert or vegetation-covered land. The detonation of the weapon results in a scenario
in which the surface of the earth near the weapon is heated by the fire ball produced during
the detonation. The thermally irradiated ground then heats the adjacent air by convection,
creating a hot thermal layer of less-than-ambient density and greater-than-ambient sound
speed. When the shock wave produced by the detonation reaches the heated air, it is
accelerated and weakened because of the increased sound speed of the thermal layer. This
acceleration of the flow field causes air of greater density above the thermal layer to be drawn
into the accelerated flow field, forming a large wall jet adjacent to the ground.! The wall jet
is large enough to completely engulf military equipment, exposing it to the high dynamic
pressure loading of the non-ideal blast flow.

The phenomenon of non-ideal blast was first observed during nuclear weapons testing
at the Nevada Test Site in the 1950s. Many pieces of military equipment that were exposed
to blast loading on these desert tests sustained far greater damage than similar equipment
experienced in tests in which the weapon was detonated over an ideal surface, such as
water. It was found that increased damage to equipment in desert tests was a result of non-
ideal blast. The enhanced dynamic pressure associated with this phenomenon significantly
increases the aerodynamic drag loading on military equipment and can cause the equipment
to experience large displacements. The damage to the equipment comes not from the shock
diffraction over the equipment but from the repeated rolling of the equipment across the
desert floor.

Because non-ideal blast can inflict severe damage to even shock-hardened equipment,
this phenomenon is of great tactical significance. Therefore, to improve the survivability of
military equipment in a non-ideal blast environment, the characteristics of the environment
must be understood and methods for testing modern equipment must be developed.

2. 1Ideal and Non-Ideal Blast Environments

The term “ideal” blast refers to the blast environment resulting from the detonation of
a nuclear weapon, at an optimized height of burst, over a surface that is perfectly smooth
and reflective of blast and thermal radiation. The static and dynamic pressure-time history
waveforms resulting from an ideal nuclear blast are characterized by an immediate increase
in pressure upon the arrival of the shock front at the observation point, followed by an
approximately exponential decay. As an example, Figure 1 represents the static and dynamic
pressure histories that would be observed at a point 927 m from ground zero of a 32 kT
weapon detonated over an ideal surface.

In reality, no surface exactly qualifies as ideal. However, a blast environment can be
considered ideal if the effects of the surface characteristics have a minimal influence on the
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Figure 1. Ideal Pressure-Time Histories from 32 £7" Weapon

resulting blast. If surface characteristics play a significant role in the development of the
blast environment, then the blast environment is referred to as “non-ideal”.

Because there can be a large number of combinations of surface characteristics that
can cause a blast environment to be non-ideal, it is impossible to identify a single type of
waveform and label it as the non-ideal blast wave. However, within the context of damage
to tactical military equipment, we will limit the definition of non-ideal blast to that which
results from flow field acceleration because of the presence of a thermal layer. The dynamic
pressure, pg, of a fluid in motion is defined in Equation 1 as

1
pa = 5pU’ (1)

in which p is the density and U is the velocity.?

Because of the acceleration of the flow field caused by the presence of the thermal layer,
and the entrainment of dense air into the resulting wall jet, the dynamic pressure produced
by the non-ideal blast phenomenon is significantly greater than that of the ideal case. This
is illustrated in Figure 2, which is a comparison of ideal® and non-ideal static and dynamic
pressure waveforms.

Figure 2 illustrates several key characteristics of this type of non-ideal blast event:

1. The time of arrival of the shock wave at the observation point is earlier in the non-ideal
case than in the ideal case. This is a direct result of the acceleration of the shock front
because of the presence of the thermal layer of greater sound speed.
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Figure 2. Comparison of Ideal and Non-Ideal Waveforms

The amplitude of the incident static overpressure of the non-ideal wave is less than that
of the ideal case. As a result, a thermally “precursed,” non-ideal blast will produce a
reduced level of damage to a target because of shock diffraction.

. The dynamic pressure produced by the non-ideal blast event is, at all times in the

pressure history, greater than the dynamic pressure produced by the detonation of the
same weapon over an ideal surface. Consequently, the dynamic pressure impulse (the
area under the dynamic pressure history curve) for the non-ideal case will be several
times greater than the ideal dynamic pressure impulse. The dynamic pressure impulse
is an indicator of the amount of energy delivered to the target that will contribute to
whole body response. Because non-ideal blast can produce dynamic pressure impulses
that are many times greater than the equivalent ideal event, military equipment that is
hardened to survive in an ideal blast environment may experience damage or destruction
by displacement in a non-ideal blast scenario.

Dynamic pressure measurements from the nuclear weapon test MET can be compared

to the equivalent ideal blast environment illustrated in Figure 1 to determine the dynamic
pressure impulse enhancement for that particular weapon and range to target.3 By scaling

the

data from MET to the 32 kT, 927 m ideal conditions, the ratio of actual (non-ideal) to

ideal dynamic pressure impulse can be obtained. This ratio is calculated to be approximately

3.5.




Another nuclear weapon test, PRISCILLA, has been simulated with the second order,
hydrodynamic, advanced research code (SHARC) to model the non-ideal blast environment
produced by the interaction of the blast wave with the heated layer created by the thermal
radiation of the desert surface.4 The results of this work indicate that the dynamic pressure
impulse produced by the detonation of a 36.6 kT weapon over a desert surface will be
approximately six times greater than the dynamic pressure impulse of the equivalent ideal
event at a ground range of 970 m to the target.

3. Simulation of Non-Ideal Blast with Shock Tubes

The ban on above-ground nuclear testing has forced the military to develop alternate
methods for testing vehicles and equipment to the effects produced by nuclear weapons.
Blast testing of military equipment is typically accomplished through either the detonation
of high explosives (HE) or the use of specially configured shock tubes. Tests involving HE
are typically limited to very small explosive yields, approximately several kilotons.

Larger weapon yields through the tactical range may be simulated in shock tubes, which
are referred to as large blast simulators. These blast simulators consist of a driver system that
typically contains compressed air or nitrogen gas. The driver system feeds into an expansion
tunnel that contains a test section where the target is placed for a test. The driver gas 1s
initially separated from the ambient expansion tunnel gas by a thin diaphragm. When the
diaphragm is ruptured, the compressed driver gas exits the driver and enters the expansion
tunnel, forming a shock wave. Through careful design of the driver and expansion tunnel
geometry, and selection of appropriate driver gas initial conditions, these blast simulators
are capable of producing high fidelity simulations of ideal nuclear blast waves.

The facility of interest here is the Large Blast/Thermal Simulator (LB/TS) located at
the White Sands Missile Range in New Mexico. The LB/TS is a blast simulator capable of
producing ideal blast waveforms with incident static overpressures of 14 kPa to 240 kPa at
simulated nuclear weapon yields of 1 kT to 600 kT'.°

The driver system of the LB/TS consists of nine cylindrical drivers, which feed into a
half-cylinder expansion section. Each driver has an interior diameter of 1.83 m. The volume
of each driver can be adjusted, and the maximum available volume of all nine drivers 1s
583 m3. The downstream ends of the drivers converge to an interior diameter of 0.91 m and
end at a double diaphragm system. The expansion section has a nominal diameter of 20 m,
with a cross-sectional area of 163 m?. The expansion section is 170 m long, with the test
section located 101 m from the upstream end of the expansion section. Throughout this
report, the upstream end of the expansion section refers to the beginning of the half-cylinder

tunnel.
At the downstream end of the expansion section is an active rarefaction wave eliminator

(RWE). The RWE is a device that modifies the flow exiting the expansion section in such a
way as to minimize flow disturbances that originate when the shock wave exits the expansion




section.® Such disturbances destroy the fidelity of an ideal blast simulation and therefore must
be reduced or eliminated to properly simulate the ideal nuclear blast environment.

The recent interest in the threat of the non-ideal blast phenomenon to system survivabil-
ity has generated a requirement to simulate non-ideal blast waveforms within the expected
operational range of many Army vehicles and systems. The non-ideal blast phenomenon
has been successfully simulated on full-scale military equipment using a helium layer on the
ground during HE tests.” The helium layer has a greater sound speed and lower density
than the ambient air and consequently produces the same acceleration effect as the heated
thermal layer in the actual nuclear blast event.

The high cost and low explosive yields of HE testing make them impractical for testing
the survivability of a large number of systems to the non-ideal blast environment. For this
reason, it would be advantageous to configure the LB/TS for non-ideal blast testing. There
are several possible methods in which the LB/TS could be employed to produce the high
dynamic pressure associated with non-ideal blast, the most notable of which are

1. Controlled, staggered firing of drivers, combined with modified RWE closing functions.

2. Removal of the RWE from the expansion tunnel of the LB/TS and testing the vehicle
outside the expansion tunnel in the exit jet of the shock tube.

3. Use of a helium layer inside the expansion tunnel to reproduce the flow field acceleration
phenomenon employed in non-ideal blast HE tests.

4. Combinations of the previous three items.

This report documents a computational study to estimate the effectiveness of helium
layers as a means of producing a high dynamic pressure blast environment in the LB/TS.

4. Development and Validation of the Numerical Model

The U.S. Army Research Laboratory (ARL) employs a number of flow solvers for mod-
eling blast flows. The solver that is selected for a given problem is one best suited to the
physics of the phenomenology being considered. For the analysis described in this report, the
SHARC code was selected. SHARC is a family of codes centered around a two-dimensional
(2-D)/three-dimensional (3-D), explicit, finite difference, Eulerian hydrocode.® It is capable
of solving flows with multiple materials and supports a k — € turbulence model.9 SHARC
has been heavily used in the simulation of blast and has been validated for simulating time-
dependent flow in shock tubes.10

The LB/TS, with its nine drivers feeding into a single, semi-cylindrical expansion section,
is a geometrically 3-D facility. However, the large cost of 3-D hydrocode calculations makes
them impractical for this type of initial, exploratory analysis. As a result, trade-offs need to
be made so that the 3-D facility can be simplified into a 2-D representation and still preserve
the dominant flow characteristics of the actual facility. This is accomplished by “lumping”




together all cross-sectional flow areas at every point along the length of the shock tube. In
the case of the nine drivers of the LB/TS, a 2-D computational model will contain a single
driver with the equivalent volume and cross-sectional area of all nine LB/TS drivers. This
lumped driver will then feed into an expansion section with a cross-sectional area that is
equivalent to that of the LB/TS.11

For most LB/TS calculations, an axisymmetric model is employed, reducing the facility
to a shock tube with a single cylindrical driver connected to a cylindrical expansion section
by a converging nozzle and cylindrical throat. However, for the case in which a helium layer
is placed on the floor of the LB/TS, it would be incorrect to model this configuration with
an axisymmetric model. Consequently, a 2-D Cartesian model was developed to model the
interaction of the primary blast flow with the helium layer. This type of model is sometimes
referred to as having “planar” symmetry because the computational domain represents a
single plane in a 3-D space which has a unit depth perpendicular to that domain.

As stated earlier, the expansion section of the LB/TS is that of a half-cylinder with a
diameter of 20 m and a cross-sectional area of 163 m?. Therefore, the unit depth of the planar
model is 20 m. Preserving the cross-sectional area of the expansion section in the planar
model results in an expansion section height of 163.18 m?/20 m = 8.16 m. The geometry
of the lumped driver system was derived in a similar manner. The resulting 2-D Cartesian
model is illustrated in Figure 3. This geometry was discretized into the computational
domain using a mesh of 950 grid points in the longitudinal direction and 110 grid points in
the vertical direction. The minimum cell width used in the grid was 7.4 ¢m, with an aspect
ratio close to 1 in the regions of interest.

4.2163

1.4480~—' e l— 2.2900 —
}
8.1600

DRIVER ) EXPANSION SECTION

1.1820 1 - ~—1.6260

NOTES:
ALL DIMENSIONS IN METERS
LENGTH OF DRIVER 23.43 METERS

Figure 3. 2-D Cartesian, Lumped Area Model of LB/TS

Before a helium layer calculation was run, it was necessary to use the model to simulate
an LB/TS test with no helium layer in order to validate the model. At the time of the
model development, only one test had been performed in the LB /TS using all nine driver
tubes. This test had been performed using a driver overpressure of 3.45 M Pa, a driver
gas temperature of 415 K, and the maximum available driver volume. This test resulted
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in a high fidelity simulation of an ideal blast from a 32 kT weapon. The incident static
overpressure of this experiment was approximately 85 kPa. The quality and availability of
this set of LB/TS test datal? make it attractive to the type of analysis described in this
report.

The SHARC Cartesian model was executed using the driver conditions from the LB/TS
experiment. Time history data from the calculation were collected at sets of data-gathering
stations positioned along the length of the expansion section, 30 m, 60 m, 90 m, 101.5 m,
120 m, 150 m from the upstream end of the expansion section. At each of these longitudinal
positions, individual stations were placed vertically at 0 m, 1 m, 2 m, 3 m, 4 m, 6 m, and
8 m from the floor of the expansion section. The longitudinal station position of 101.5 m
corresponds to the location of test section in the expansion tunnel of the LB/TS. Therefore,
the primary flow field measurements were taken at this location. The static overpressure
from the LB/TS experiment is compared to that of the SHARC calculation in Figure 4,
while the dynamic pressure history comparison is shown in Figure 5. In these figures, the
time corresponding to ¢ = 0.0 s is the arrival of the incident shock wave at the 101.5 m test
section.

120.0 [ [ , [ T
100.0 | ——~ SHARC 2-D Cartesian Model .
—— LB/TS Experiment
& 800 | 1
=
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3 60.0 | i
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— \\-——\_ ]
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Time After Shock Arrival (s)

Figure 4. Static Overpressure Histories at 101.5 m

Figure 4 shows that the SHARC model overpredicts the measured strength of the incident
shock at ¢ = 0.0 s. As the pressure history decays, the calculated static overpressure is mostly
within the scatter of the data or about 5 kPa to 10 kPa higher than the data.

Figure 5 shows that the SHARC model also overpredicts the incident dynamic pressure
at t = 0.0 s. As the pressure history decays, the calculated dynamic pressure is typically
within 5 kPa to 7 kPa from the measured data. For ¢ < 0.3 s, the calculated dynamic

7
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Figure 5. Dynamic Pressure Histories at 101.5 m

pressure is higher than the measured pressure; for ¢t > 0.3 s, the opposite is true. Using
these pressure histories, the calculated dynamic pressure impulse at the 101.5 m station is
4.33 kPa-s, and the measured value is 4.54 kPa-s, a difference of 4.8%.

This comparison of the LB/TS experiment to the SHARC calculation validates the 2-D
Cartesian model for simulating the blast wave formation and evolution in the LB/TS. With
the model validated, it was then used to simulate a hypothetical experiment in which a
helium layer was positioned in the expansion section of the LB/TS. The enhancement in
dynamic pressure impulse above the 4.54 kPa-s produced by the calculation will be the
primary benchmark by which the performance of the helium layer will be determined.

5. Configuration of the Helium Layer

In configuring a helium layer for a shock tube experiment, it is necessary to consider the
effects of the helium layer on the shock wave dynamics in the expansion tunnel. Experience
from HE tests with helium layers indicates that a significant run length of helium layer is
needed upstream from the target to create a proper non-ideal blast simulation.13 However,
maximizing the length of the helium layer upstream from the target in a shock tube will
minimize the useful duration of the non-ideal blast simulation because of the interaction
of reflections from the roof of the expansion tunnel. The height of the wall jet produced
by the acceleration of the flow because of the presence of the helium layer is influenced by
the thickness of the helium layer itself. Unfortunately, a layer that is excessively thick will

8




reduce the time for disturbances that originate at the top of the layer to reach the roof of
the expansion tunnel and again destroy the fidelity of the simulation. Too thick a layer will
also fail to produce the oblique precursor and the shear layer off the triple point, with no
rotation and no wall jet being produced.

Based on these considerations, it was decided that, for this exploratory analysis, a helium
layer 30 m long and 22 ¢m thick would provide an acceptable compromise between creation
of a non-ideal blast waveform and the influence of the reflected waves originating at the
walls and roof of the expansion section. The helium layer was positioned longitudinally in
the expansion section so that there was a 21.5 m length of layer upstream from the test
section and 8.5 m downstream from the 101.5 m test section.

6. Results of the Helium Layer Simulation

The SHARC simulation of the helium layer configuration was executed using the k — ¢
turbulence model and required 100 CPU hours to reach 550 ms of simulation time on a
Silicon Graphics R4400 workstation. This amount of simulation time was not enough to
complete the positive phase of the blast at the test section but was sufficient to determine
the effectiveness of the helium layer in producing a non-ideal blast environment.

6.1. Station Data Analysis

The initial analysis of the results of the helium layer calculation was performed by
studying the pressure-time histories recorded at the 101.5 m stations and comparing them
to the results of the calculation with no helium layer. The first station data examined were
from the station 2 m from the floor of the expansion section. This station is considered to
be one of the most important because it is located in the test section of the LB/TS and
the 2 m vertical height from the floor is approximately in the center of many trucks and
other vehicles which will be tested in the LB/TS. The static overpressures at this station are
illustrated in Figure 6, comparing the result of the helium layer calculation with the result
of the calculation with no helium layer.

The result of the calculation with no helium layer shows the ideal blast waveform that is
produced by the LB/TS. It is characterized by the instantaneous increase in pressure upon
the arrival of the shock front at the station, followed by an approximately exponential decay
in pressure. The helium layer calculation produced a static overpressure at this station that
has some of the qualities of the “classic” non-ideal static overpressure waveform illustrated
in Figure 2 but on a much reduced scale. The shock arrives at the station only a few
milliseconds earlier than that of the ideal case.

Figure 7 shows the dynamic pressure histories from the same station. Except for the
slight differences between the histories immediately following the shock arrival, the two
results are nearly the same. In particular, there is no increase in the dynamic pressure
resulting from the presence of the helium layer at this station.

9
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The next pressure-time history data examined were from the station positioned on the
floor of the expansion section, at the same 101.5 m longitudinal position. The dynamic
pressure histories produced by the two calculations are illustrated in Figure 8. This figure
shows that the presence of the helium layer produces a significant increase in the dynamic
pressure immediately following the arrival of the precursed shock front. This period of
increased dynamic pressure has a duration of less than 50 ms. After this period of increased
dynamic pressure, the contribution of the helium layer disappears, and the result of the
helium layer calculation practically coincides with the calculation that had no helium layer.
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Figure 8. Dynamic Pressure Histories at Test Section, on Floor

The dynamic pressure impulse histories for all stations at the 101.5 m position are
presented in Figure 9. This figure clearly illustrates that the increase in dynamic pressure
impulse that results from the presence of the helium layer is noticeable only on the floor of
the expansion section. The curves show that the dynamic pressure impulse for the 0 m high
station is, at all times, greater than that of the other vertical positions and that the other
vertical positions are nearly identical.

As stated earlier in this report, the primary purpose of the helium layer is to produce
a simulation of a thermally precursed, non-ideal blast wave, with particular emphasis on
the dynamic pressure impulse over ideal blast waveforms. The effectiveness of the helium
layer in enhancing the dynamic pressure can be determined by calculating the ratio of the
dynamic pressure impulse from the helium layer calculation to that with no helium layer.
This was done for the data collected at the 101.5 m stations and provided in Figure 10.
This figure shows a profile of the ratio of the dynamic pressures as a function of the height
of the station from the floor of the expansion section. The dashed line represents a value
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Figure 9. Dynamic Pressure Impulse Histories at Test Section

of unity for the calculation with no helium layer. This line also serves as a reference in
determining the effectiveness of the helium layer data, which are represented by the solid
line with square markers. This curve further illustrates the finding that the dynamic pressure
impulse enhancement resulting from the helium layer is only noticeable on the floor of the
expansion section. Here, the dynamic pressure from the helium layer calculation is nearly
1.8 times greater than the result from the same station in the calculation with no helium
layer. However, the data collected at the stations above the surface of the floor show that
the dynamic pressure impulse at these stations is actually slightly less for the helium layer
calculation than for the calculation with no helium layer.

Because the helium layer failed to produce the desired non-ideal blast environment at
the test section of the LB/TS, dynamic pressure histories at other longitudinal positions
were examined. Figure 11 shows the data gathered on the floor of the expansion sections
at longitudinal positions of 90 m, 101.5 m, and 120 m. In the calculations, data-gathering
stations were placed at longitudinal positions upstream from the 90 m station, but because
the helium layer began at 80 m, there was no influence of the helium layer at these stations.
There was also a vertical set of stations at a position 150 m from the upstream end of the
test section, but this location is so close to the downstream end of the LB/TS expansion

section, that testing of equipment is not likely there.

Figure 11 shows that the dynamic pressure histories on the floor of the expansion section
at 90 m and 101.5 m are very similar, with the duration of the period of increased dynamic
pressure slightly greater for the 101.5 m station. Of the three traces in the figure, the
dynamic pressure history for the station at 120 m shows the most promise of creating the
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Figure 10. Dynamic Pressure Impulse Enhancement at Test Section, 500 ms

type of waveform illustrated in Figure 2. This history shows that, while the dynamic pressure
level is not as high as that at the other longitudinal positions, the duration of the increased
dynamic pressure is 70 ms.

In Figure 12, the dynamic pressure impulse histories are plotted for all the vertical
stations at the 120 m longitudinal position, in the same manner used for the 101.5 m position
in Figure 9. This figure shows that the variation in dynamic pressure impulse has a greater
vertical distribution than at the 101.5 m position.

Finally, the dynamic pressure impulse enhancement at the 120 m position is determined
by again illustrating the ratio of dynamic pressure impulse for the two calculations as a
function of the vertical position of the stations. Figure 13 again shows the result from the
calculation with no helium layer represented by a value of unity for all vertical positions. The
helium layer result at this longitudinal position illustrates that the dynamic pressure impulse
is greater than that with no helium layer up to about 2 m from the floor. However, the
enhancement in dynamic pressure impulse is minimal at these positions, with the maximum
occurring at the floor at only 1.3 times that of the calculation with no helium layer. For
stations above a vertical position of 2 m, the dynamic pressure impulse produced by the
presence of the helium layer was again less than the case in which no helium layer was used.
This result and the result of Figure 10 clearly show that the use of a helium layer in the
LB/TS will produce highly non-uniform dynamic pressure loading of test articles.
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Figure 13. Dynamic Pressure Impulse Enhancement at 120 m, 500 ms

6.2. Flow Field Analysis

Significant insight into the dynamics of the flow can be obtained by analyzing of flow field
data, which are saved at regular intervals during the calculations. In the following figures,
the dynamic pressure in the expansion section of the LB/TS is shown for the calculations
with and without the presence of the helium layer for instants in time of 200 ms, 300 ms,
and 400 ms. In these figures, only the portion of the expansion section from longitudinal
positions of 75 m to 150 m is shown. The dynamic pressure in all figures is plotted to the
same linear scale in which the maximum is 30 kPa and the minimum is 0 £Pa. Any value in
the plotted region with a dynamic pressure greater than 30 kPa is represented by magenta,
the color that corresponds to precisely the maximum value in the legend.

Figures 14 and 15 represent dynamic pressure from the two calculations at 200 ms.
Figure 14 shows the planar shock front of the case with no helium layer located at about 90 m
from the upstream end of the expansion section. Figure 15 clearly shows the development
of the precursor with a region of high dynamic pressure at the floor beginning to accelerate
ahead of the primary shock.

At 300 ms, the shock front is located approximately 140 m from the upstream end of
the expansion section. As illustrated in Figures 16 and 17, at this point in time, there is no
visible influence of the helium layer on the shape of the shock front. Close to the floor, at
a longitudinal position of 120 m, exists a region of high dynamic pressure, which confirms
the findings of Figure 11. At the test section, 101.5 m from the beginning of the expansion
section, the dynamic pressure levels are the same for the two calculations.
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Figures 18 and 19 show the results of the two calculations at 400 ms. By this time, the
shock front has exited the expansion tunnel. The flow field plots for the two calculations show
almost no difference between the dynamic pressure levels throughout most of the expansion

section.

The effect of the blast wave on the helium layer can be examined by plotting the density
of helium in the expansion section at several times during which the solution was saved. In
a manner similar to the dynamic pressure flow field plots, Figures 20 through 23 show the
helium density plotted in a common linear scale between a minimum of 0.00 kg /m® and a
maximum of 0.25 kg/m3. The solution at 150 ms is provided in Figure 20. At this time,
the shock front has not yet reached the upstream end of the helium layer. The undisturbed
helium layer can be clearly seen in the region of magenta extending from 80 m to 110 m
longitudinally in the expansion section.

At 200 ms, the incident shock has encountered the upstream end of the helium layer in
Figure 21. The density levels in the helium layer show that the blast wave is compressing the
helium and beginning to drive the upstream end of the layer toward the downstream end.
This compression of the layer is further illustrated in Figure 22, a solution at 250 ms. Finally,
by 300 ms, the layer is lifted off the floor of the expansion section and carried downstream
by the primary flow within the expansion section, as shown in Figure 23.

Combining the pressure-time history data with the information available in the flow field
solutions, it is clear that the helium layer is only effective in producing enhanced dynamic
pressure at the test section, while it is present at the test section. Even then, this region of
enhanced dynamic pressure is isolated to a region within the layer itself. At the time that
the blast wave compresses the helium layer to the point where it is no longer present at the
test section, the dynamic pressure enhancement ceases and the dynamic pressure waveform
coincides with that produced by a simulation with no helium layer.

7. Summary

The recent interest in non-ideal blast effects in the tactical regime has generated a
requirement to test military equipment in a simulated, non-ideal blast environment. The
purpose of this testing requirement is to determine the severity of the non-ideal blast threat
to military equipment. There is presently no specification that requires military equipment
to survive in the non-ideal blast environment. The most distinguishing feature of non-ideal
blast is the significant increase in dynamic pressure as compared to blast over a perfectly

smooth, energy reflecting surface.

Use of the recently constructed LB/TS is one possibility of satisfying this test require-
ment. To create the high dynamic pressure, non-ideal blast environment, it will be necessary
to modify the configuration and operation of the LB/TS. The placement of a helium layer
on the floor of the LB/TS has been suggested as a means of accomplishing this task.
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This report described an exploratory analysis in which the interaction of the primary
blast flow with the helium layer was modeled using SHARC. The analysis shows that the
greatest dynamic pressure impulse enhancement produced by the LB/TS helium layer cal-
culation was less than a factor of 1.8 and was limited to a region within 1 m to 2 m from
the floor of the expansion section. The dynamic pressure impulse above that region was
actually less than that produced by the simulation with no helium layer. The profile of
dynamic pressure impulse as a function of height at the 101.5 m and 120 m longitudinal po-
sitions showed a large vertical gradient. This would ultimately result in nonuniform dynamic
pressure loading of test articles and would significantly limit the fidelity of the test.

Analysis and simulation of actual nuclear testing has revealed that, for the blast en-
vironment studied here, dynamic pressure impulse enhancement of about 3.5 to 6 can be
expected from the detonation of a tactical nuclear weapon over a desert surface. In order for
the LB/ TS to become an effective non-ideal blast simulation facility, it must be capable of
replicating this type of dynamic pressure environment. The exploratory analysis presented
in this report indicates that the use of helium layers alone will not be sufficient to perform
this task.
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Figure 14. Dynamic Pressure in Expansion Section at 200 rn.s without Helium Layer
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Figure 15. Dynamic Pressure in Expansion Section at 200 ms with Helium Layer
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Figure 16. Dynamic Pressure in Expansion Section at 300 ms without Helium Layer
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Figure 17. Dynamic Pressure in Expansion Section at 300 ms with Helium Layer
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Figure 18. Dynamic Pressure in Expansion Section at 400 ms without Helium Layer
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Figure 19. Dynamic Pressure in Expansion Section at 400 ms with Helium Layer
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Figure 20. Helium Density in Expansion Section at 150 ms
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Figure 22. Helium Density in Expansion Section at 250 ms
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Figure 23. Helium Density in Expansion Section at 300 ms
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